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‘Team Member Manual -

This team member manual was developed‘to provide the =
Quality Improvement (QI) team member with an understanding

of the Quality Improvement Problem- Solvmg Process and its
relationship to Total Quality Management (TQM). Ttalso-
prov1des the team member with a Ready Reference Gulde to’
enable effective participation on a QI team. Your grasp of the 5
Quahty Improvement Process (QIP) and its many applications 1s
the key to a successful Quality Improvement Team and your '
personal development. i

Contamed in this manual are many new ldeas that wnll assnst

- you in your role as a team member. As a quick reference to the ‘

tools and techniques, an appendix has been added to provnde
you ‘with a brief description of each tool and techmque, and a-
reference page number for more in- depth appllcatlons

Good Luck!

Note:

* This manual was devel_oped by Qualtec Quality Services. As GAO

gains more experience, we will modify the manual to reflect those
experiences and our increased knowledge,

September 1992 ..

Reprinted with permission for the U.S. General Accounting IOfﬁce




i

of Total Quallty Management (TQM)

.its many applications. -

Purposes of the
Team Member Manual

To provide the team member wuth an overview

To provide the team member with an under—
standmg of the problem- solvmg process and

To introduce the team memiber to the Quallty

_Control (QC) tools which enable the. team to

speak wnth facts

To provude a basis for self-lmprovement and
personal growth .

© 1991, QUALTEC, INC., 'QTM 1/15/91 e Reprinted with permissien forthe U.S. General Accounting Office
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UNITI o 2

Overview

This. unit will introduce you te.the concepts of Total Quality

Management (TQM). It will enable you to assess how your
objectives relate to TQM. ‘

 Learning Objectives '

Ui)on completion of Umt 1'you will be able to
| . 1. Label the TQM triangle.- "
2. Identify the four brinciples of TQM. .
3. Apply the principle of Customer Satisfaction'f.'\" _ L

: 4, Define the principle of Management by Fact. .

- Ident_ify your customers.

S e
i ‘1v\’\'-'f}j e
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Total Quallty Management ) |

What ls Total Quallty Management?

Total Quality Management or TQM is a way of ensunng
customer satisfaction through the involvement of all employees
in Iearnmg how to rellably produce and delrver quahty goods and
servrces

Tofal otrallty Manage’mént Trlangle *

" Policy «
Management

TQM /-

4 Quallty

Quality

Teams Dally Work
Customer || Management || Respect || oo
Satistaction by Fact || forPeople || P:-DC-A.

M3,

Our goal is to improve internal and external customer satlsfactlon
through total quality control. TQM is how we work toward that
goal. The three components that make up TQM are Quality
Teams, Policy Management, and Quality in: Daily Work

Reprinted with permissionforthe U.S. General Accounting Office
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1. Quality Teams provide a structured environment for
employees to work together toward :

. improving the qualnty of products and services.
* developing and Ieveragmg the SkI"S and abllmes of
employees. ) :
.o ‘promotmg communication and teamwork o
_-._ ‘enhancmg the quamy of work life.

through by concentrating agency efforts and resources
on afew, prlorlty Issues to o

« increase performance levels.

* improve communication of agency and unit direction.

* aftain broad part|C|pat|on inthe development and attain-
ment of long-term goals mud-term goals and short-term
goals. : o

3. Quality in Daily Work (QIDW) requires the application of .
Plan-Do-Check-Act (P-D-C-A) phllosophy to activities
necessary to.meet the needs and expectatlons of cus-
tomers. The goals are to .

. malntam gams achleved through |mprovement projects.
. achleve co\nsnstency in operations’ as well as results.

«  clarify individual contributions toward achieving customer
satisfaction.

v ‘lmprove daily operations.

Please note that the scope of this manual is Ilmlted to the flrst
component, Quality Teams

©1991, QUALTEC, INC. QTM 1/15/91 ’ Reprinted with permission forthe U.S. General Accounting Office




UNIT 1

Four Prmcrples of
Total Quality Management (T QM)

,Customer Satlsf" tlon mean n,ot only satrsfylng the
;s ,.i,,,needs and reasonable expectatlons of. customers but

..-having an attltude that puts the. needs of the customer

first. (A telephone ‘call from someone who uses 'o

my products — my customer — is not an mterruptron of | my
work; it Is my work ) ‘

Management by Fact (often referred to as. “speaklng
with facts”) means that not only managers, but all

employees, manage the work they do by collectmg ‘
objective data and maklng decrsmns based on thls

mformatlon

Respect for People means that.each of us needs.to
listen to and support the capacity of all other employees _

.\for self-motlvatlon and creatlve thought

.b P-D-C-A (PIan-Do-Check-Act) is a work phllosophy that |

emphasrzes four phases of actlwty

¢ Plan what to do

-+ Doit

. Check what you d|d

. _Act to prevent error or- lmprove the process :

_©1991, QUALTEC, INC. QTM 1/15/91 _
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UNIT 1

‘Customer Satisfaction -

R

What Is Customer Satisfaction? =

Customer satlsfactlon is the heart vof TQM We all serve our

external customers but most of us

o have internal (next

process) customers Everyone we erve is our customer and’
deserves to be treated wuth the same care as the ultlmate
customer “‘ o

.How Do We Achieve Customer Satisfactlon° o

'We lelde up our work process rnto mputs actrvmes and

outputs - .

We identify our next process customers as those who
receive our outputs .

We work with our customers to determine what the valid -
requirements are for.our process outputs. ' E

.. On the basis of the valld requ:rements we develop quallty

indicators through which we can’ monitor our performance i in
an ongomg way. , :

We take correctlve actlon when necessary to, satlsfy Cus- .
tomer needs. :

When Do We Use Next Process Customer? . ...

"Next process customer" should be the motto which guides all-
_. our interactions with other units or areas that we impact within

the agency. R can help us get anew perspectuve on what we do
and how we do it. , .

Why Do We Use Next Process Customer?

We use next process customer to bring the necessity for quality
to every aspect of our work, both internally (wrthln GAO) and
externally. )

© 1991, QUALTEC, INC. QTM 1/15/91

Reprinted with permission for the U.S. General Accounting Office



UNIT 1

. Weareinalong- range relatlonshrp wuth our
5 customers G e .

. thenr Jneeds and wants. .
» change and evolve

;We must keep the Ilnes of communrcatron open |
between supplrers and customers

The Customer Sa'tiSfaCtion Philosophy

We must help our customers |dent|fy and satisfy

We must realrze that these needs and wants will

© 1991, QUALTEC, INC. . QT™ 1/15/1

Reprinted with permission forthe U.S. General Accolinting Office
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UNIT-I

| © 1991, QUALTEC, INC. QTM 1/15/91

Valid Requirements

. What are Valid Requirements?

1. Valid requirements are standards of quality work agreed

upon by customers and suppliers. Valid requirements must
«.  Be current, realistic, and measurable.
«  Meet customer needs and reasonable expectatlons

T T Meet. agency responsibilities.

+ 2. Valid reqmrements are usually S|mple statements of how a ;

producét should be (mcludmg measurement) to be useful to

the customer; for example, a form legibly filled out and

submitted with sugnature wnthm 5 days of completlon of the
= job. - . .

"~ Why are Valid Requlrements Useful?

We use valid requirements to satisfy the needs and reasonable
expectations of our customers.

How are Valid Requirements Applied? "

In the ideal case, we open a clear channel of communication and
negotiate the valid requirements with our customers. We start by
asking them about their wants and desires; through questioning -
and consensus we narrow the focus to those requirements that
they need and can reasonably expect. Once established, the
valid. requirements serve as both a goal and a guideline for
producing quality products.

When are Valid Requirements Used?

We can use them to guide us in establishing or improving our
work processes in general; we also use them in steps 1, 2, and 4
of the QI Story.

Reprinted with permission for the U.S. General Accounting Office
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' Example of Negotiating Valid Requirements
~In a Win-Win Fashion .y

Your customer wants you to supply a réport on the first’ :

~ ~day of esach month, two weeks in advance-of when you

know it is needed. If you cbmply with your customer’s
request, this “safety cushion,” as you see it, may cause :

~ your department undue stress.- It may also result ina .

less-than-quality product.

~-As you negotiate the timeframe with your: customer, you
‘open communications. You realize your customer-must

perform several operations on the report and distribute
five copies before the report is analyzed in a department
staff meeting. Your customer now understands that you,
as the supplier, have three other reports due at the same
time each.month. -Some of the information your cus-
tomer requests in the report is dependent upon the
completion of the others. : vt

Further negotiations reveal the staff meeting is the 15th
of the month. Your customer needs the report four days
prior to that meeting. - You mutually agree upon the 11th’

day of the month as. the due date

The Valid Requlrement is that the report get to your

customer no {ater-than the 11th of each month.

© 1991, QUALTEC, INC. QTM 1/15/91
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Checking the Valid Requrrements

1. Consrder a specrfrc product Get customer rnput When alI
the customer’s’ “needs" have been listed, Iook it-over:
together. ‘

.",2‘. Initially, the “wants” (those which enhance the success)
" should be saved until the “needs” are addressed completely,
Mutually agree on these rtems Ve nniiemia

3. Nex, apply the RUMBA criteria to the Ilst of needs A need -
which meets all five RUMBA' cnterla become a “Valrd '
Requirement.” -

What is.the. RUMBA?. In this case, it is-an acronym. for five -
criteria that you can use to. conflrm the existence of a vahd :

requirement, . ‘
RUMBA is defined as follows: o
Reasonable You or your work group can: meet the

_requirement (it-does not violate: agency
c * procedures, job accountabilities, etc.).
Understandable The customers verify that you under-
v v_stand what they are requurlng from you !
o o) your work group :
Measurable - -The specrfrcatron is: measurable
o some way. you; can. objectively determrne-
the degree or frequency of meetlng the

. . requrrement :
Believable Your co-workers® wrll be agreeable to
strive for that level of achievement.
_Achievable You can meet the requirement. If not,

you may need to renegotiate the specifi-
cations as facts and actual data may
later dictate.

4. A “want” which meets all five RUMBA criteria is also a valid
requirement.

© 1991, QUALTEC, INC. QTM 1/15/91 Reprinted with permissionforthe U.S. General Accounting Office
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To apply RUMBA, simply take-each of theragreed upon
wants and needs and ask the following::: -

~ s this
- reasonable? (reviéw ‘definition) - Y/N"
*  understandable? “ YN
+ measurable? .. . . YN
+ bellevable? - . o %o YN
* achievable? “ o YN

If all answers are “yes,” then that one.requirement is valid.
Any NO answer implies the need for further negotiation until
it becomes a YES dnswer. ‘[f it carinot become a YES
answer, then the requirement is not a valid one and should
not be accepted as such. Again, Win-Win negotiation and
 effective communications are the key. . :

© 1991, QUALTEG, INC. Q™™ 1/15/91 ' _ Reprinted with permissionforfhe U.S. General Accounting bffice



Ll

UNITI | | Ry

;:Management by Fact -

Management by Fact means managing by using data. . In this
manner, we can make the best possible decisions in dellvenng
quality. products and services.to our customers.

What is Data?

1. Webster defines data as “facts or figures from which conclu-
sions can be drawn; a basis for reasonmg, dlscusswn or
calculatlon

2, Informatlon collected about a product servuce process
person or machlne is ‘called data. ~

3. Data (facts) when properly organlzed and analyzed prowde
useful mformatlon and serve as the basis of decision making
and action. o

4, Data can be subjective (based on experience, intuition, ‘gut
feel, opinion, or observation) or objective (based on verifiable
external events). Data may be represented in either words,
pictures (graphs), or numbers.

5. In our search for objective data, numbers become very
important. There are two broad categories of numerical
data: attribute and variables. Understanding the categories
and their differences helps us to use each effectively.

a. Aftribute data describes a partlcular characteristic being
measured. These data depend on counting occurrences
that have certain characteristics, and they represent
conformity or nonconformity with some quality character-
istic. Attribute data are based on counts of the number
of times a particular event is observed (for example,
classes/categories of products, items, or services;
number of defects; proportion of nonconforming items).

© 1991, QUALTEC, INC. QTM 1/15/91 _ ' Reprinted with permissionfor the U.S. General Accounting Office
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.~but we.measure “distance” (pounds feet rate of
dlsablmg accldents etc.). - : :

Graphically, it looks like thiis: ;

Variables (continuous) data ais contrnuous data that ' ‘ -

shows degrees of variation when measuring'a -
characteristic of a product, service, or process. and
computing a’numerical value"f ’ two of more
measurements of data.’ The measurement is actually of
a quality characteristic such as ‘diameter, age, ‘weight,
lifetime. of a product, or other values of a.variable..

When it is important not only to identify:and rank:items,
but also,to precisely measure the. distribution {the.,

drstance or interval between them), we must collect ‘
“variables data.” If attribite data is “‘black or whlte then

. variables data is concerned with measurrng the shades

of gray. Not only do we identify our data by category,

B This type of data |s usually more expensrve to collect
(after all,’ to f d' out whether a customer is over or under
‘age 50 is a'lot less time consummg than fi ndrng the

actual date of birth and calculating age) but it provudes a
lot more information on:the: subject .

) R

Data
- «Subjective: - .|
.| Objective
Variables " Attribute ] -
e “ Measurement of - : o Counts in categones
- characterrstlcs et Proportrons in categorres

» Counts per unrt
TM-1-13.1

Reprinted with permissionforthe U.S. General Accounting Office
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Why are Data Collected"
Data are collected to o
. quantrfy the present S|tuat|on (baselme) as well as future
_changes to be able to compare the two.

*  identify. |mprovement opportunities..

- analyze root causes and select countermeasures
. t;.-track -a‘process and/or a countermeasure k
. explarn a problem/opportumty clearly to others
. ‘”enable us to “speak wrth facts no ol

How are Data Collected? R \

Data are collected through the usé of standardrzed forms called
Checksheets. They are collected. with: consideration ‘of
STRATIFICATION the breakrng down of the total area of

concern mto smaller related functlons or. |tems Generally, data
‘should be’ collected at the smallest grouprng practlcal that data

should rnclude VARIABLES data when avallable
When you plan for data: collectlon

*  ldentify what you want to know. ‘

» Select the proper data collection techmque B
* Plan how the data. will be processed and analyzed.

*  Collect only needed data. - ’

*  Get the right data for the problem

* - Measure thrngs as accurately as- possrble given reasonable
time and cost constralnt

When are Data Collécted? v';; S

Data are collected only after plannrng and only when needed. In
general, steps 2; 3, and 4 of the QI Story requrre attention to
data gathenng to venfy problems, causes ‘and countermeasures
through facts.

Reprinted with permission forthe U.S. General Accounting Office



UNIT 1

15

1 'j'cuantyrndrca’ta;'s

What are Quallty Indicators" :

Quality indicators are measures of how weII we are meetlng our‘
customers' needs and reasonable expectations. Put another
way, they are measurements of the degree and/or frequency of
conformance'to valid- reqwrements Above:-80 "pe’r(:ent ‘conform-
ance, we should focus on non-conformance to ald our rmprove-
ment: efforts S v

Some examples of qualrty |ndrcators are ’

. Number of forms submitted-late

* Number of days between DP2 and DP3 ‘
*- Number of days to recerve travel relmbursement checks
. Number of typing’ errors in first draft of‘memos

Why are Quality Indicators Useful?

Qualrty mdrcators help us’ measure the gap between what is and
what should be — present performance versus customers valld
requrrements They allow us to meet measurable crlterra of valld

requrrements
How are Quallty Indlcators Applled"

They are used to establish the current status (a basehne) and to
track the number and/or percentage of efrrors, changes, or
rmprovements

When are Quallty Indicators Used?

They are used in steps 1, 2, and 5 of the QI Story as we identify
our theme or problem area.

© 1991, QUALTEC, INC. QTM 1/15/91 Reprinted with permissionforthe U.S. General Accounting Office
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Identifying:Cus'tomer's

A customer is typically thought of as the consumer or end user
when, in fact, the customer is also the next person or groups in
the work process to recerve the output (product or servrce) and
modlfy or act on rt f

,External customers are those consumers (end users) whose

valid requirements. will be, met by your product or service.. To
satisfy external customers, you must also meet the valid requrre—
ments of your internal customers, those within your organlzatlon
who make enhancements or‘add value'to the product or service
you provide. Immediate supervisors may also be customers,
although they generally review and support what is bemg
produced, in effect portraying the role of co-supplier to the work
process.  Someone downstream in the process actually uses or
modifies the output, of the: process That, Pperson or group, is the-
next process customer.

‘t;

The illustration on page 17 depicts the external customer (D) as
the consumer (end user) of the soda’ product ‘To meet that * -

‘customer S’ valld requuements ‘the soda company must follow 4

work procéss which includes packaging the product. Worker (A)

designs and builds cartons to package the soda. His/her down- -

stream, next process customer is the bottling department (B)
which has the following valid requirements: A'carton capable of
holding 5 pounds in weight, 12 inches tall, with spaces of 4 x 4 -
inches to hold 24 bottles. The supervisor' s (C) role is to review
and support the total process by assisting in provision of appro-
priate systems and structures to ensure conformlty to valid
requrrements : C

Reprinted with permission for the U.S, General Accounting Office
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Downstream Concept of Next Process Customer

™-1-17

© 1991, QUALTEC, INC. QTM 1/15/91

A. Worker ~ C. Supervisor
B. Bottling department D. External customer

Reprinted with permissionforthe U.S. General Accounting Office
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‘Purpose

'© 1991, QUALTEC, INC. QTM 1/15/91

]

Exercise : I .

Identify customers.

Identify two principal products or services:

-and record them on th’,g form on page 19.:

With a.group, try to identify all customers of
the products or services. Remember, the
questions that wm help you target your
customers: - . :

+ Who utlhzes or does something W|th
 your product or service? :

*- Who enhances your product or service?

*  Who pays for your product or service?
(Consumer)

. ‘Limit I 15 minutes

Reprinted with permission for the U.S. General AccountingOffice
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Product/Customer List

Product/Service All Customers

© 1991, QUALTEC, INC. QTM 1/15/91
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How Is P-D-C-A Done?

A You begin by setting goals based.on customer .
§ needs and plannlng how to achleve the goals

Continue by ! impleme'nting or_t'r'ying out What

Do you have planned to see how it works.

During and after “doing” it, you gather.and
analyze data to find out what happened, what
worked and what dldn't (are you, closer to. your
planned goal'?)

' 'On 'the'basis of the analysis of the lmplementa-
tion results actto |mprove the process

Act
" TL-2-06.2°
When is P-Dﬂ C-A' Uééd"

The P-D-C-A cycle is a- concept that can be applled to any; -
process, from planning your annual vacation or preparing a
meal, to intricate technical work procedures: It i§ also the
concept that underlies.the Qi:Story= plan for improvement,
o institute improvement, check the results, and act to further
improve or standardize. It helps us keep on track as. we solve
problems and make continuous improvement. '

©1991, QUALTEC, INC. QTM 1/1591 o Reprinted with permission for the U.S. General Accounting Office
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Facili‘tator Role .-

The basic function of the facilitator i isto act: as a‘change agent“é
to help’ management adapt to the cliltural change associated:
with TQM and as a consultant to the team leader in the : areas of
group dynamlcs and the QI process tools and technlques '

The facilitator’s roles include the following:'

e Communlcator— Keeps aII in the area lnformed of -
»Jactl' ities: ¥ Y
~« Coora r— Supports superwsors, tralns teams and ‘
" links to other departments. .. .

* Promoter — Keeps up to date on QI and team status

. Teacher— Instructs in the QI process and tools/

’ techmques : R : :

* Coach— Serves asa support and resource person to

managers, supervisors, team Ieaders and team
members.

* Ald the team Ieader |n preparlng for meetmgs .
+ . Consult.on the use. of toolsftechniques. +*

«  Recommend the use of staff specrallsts or experts or
» other training resources o

* Share the experlences and results of other teams

+ . Critique the effectiveness of team meetings with the
team leader.

© 1991, QUALTEC, INC. QTM 1/15/91 ‘ Reprinted with permission for the U.S. General Accounting Office
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ManagerRole - - | -

The rﬁanager can 'aésisbt/ the iéam in many Wéys. lnitially, itis
likely that the facilitator will provide more direct assistance to the
team, especially-with the problem-solving. process. -Over time,
however, the supervisor should become the coach for the team.
It is the manager's job to -
+  Coordinate Team Activities
- The manager plays-an active role in making sure team
“meetings focus on problems which relate to department
objectives, that they retain quality leadership and facilitation,
that members are properly chosen and trained, and that the
functioning of the team remains at a high level,

* Advise on Opportunity Se!ection

The manager serves as an advisor and consultant to the
teams, giving them suggestions on possible problems to
select, how to set time limits, and how to track and measure
progress towards solutions. This is done without directing
the team on what they should work on. :

o Pr_ovide Needed Resources .

- The manager supports the functioning of the teams by _ _
making sure that they have necessary resources, including ' ;
time to meet, a meeting space, and all other materials o
necessary for their smooth operation such as data, work
schedules, materials, and support of technical resources.

*  Coach on Problem Solving
Perhaps most important, the manager serves teams as a
coach: acting as a technical problem-solving resource,
motivating teams to press ahead through tough problems,
and serving as mentor for team presentations.

J

© 1991, QUALTEC, INC. QTM 1/15/01 Reprinted with permission for the U.S. General Accounting Office
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Assist in Implementation of Solutions

The manager responds promptly:to proposed solutions,
helps teams through the difficult-early stages of

, |mplementat|on and supports the Iastlng beneflts of change.

© 1991, QUALTEC, INC. QTM 1/15/91

Recognlze Team Achlevement o

Praise, support feedback ‘and contmued durectlon to teams
are constant duties of the manager to reinforce quality - -
achievement and keep efforts alive. Recognmon is both
format and informal . E

Reprinted with permission for the U.S. General Aocouﬁting Office -
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vapef‘s-‘«of4»Teams,, "

Quallty Teams are the basic building blocks of TQM There are ¢

four major types of teams besides the GAO-wide Qualrty
Councrl

Functlonal Team (voluntary)

Team members are from asingle functlo area whlch may be;
. a natural work:unit. Membershlp is Voluntary and the team is
ongorng The ldeal team size is 6 - 8 members, .

Cross-FunctlonaI Team (voluntary)

Team members are from more than one functional area and
-‘meet to work on improvement opportunltles that cut across
*‘functional lines. Like the Functional Team members are
voluntary and the team is ongoing.

Task Team (assigned)

Task Team members are also from one or more functlonal :
“areas. The team is formed to solve a specific problem or group‘ :
 of problems and then disband. Members are assigned to a task
* team based on background and experience with the problem(s)
“being examined. The members and the task are typlcally
as5|gned by management (Untt Quallty Councﬂ)

Unlt Quality Council (Lead Team)

.- Region/Unit QualltyCounclI "

Led by a dlrector this'team function$ as a Steering
Committee — etting’ pollcy, gutdellnes handllng overall
logistics, communication, etc. for teams operating under it.

* Issue Area Quallty.Councll

Issue Area Counélls composed of an issue areal manager
and staff, provide the same kind of coordinating/policy role at
the issue area that Unit Quality Councils do overall, .

Reprinted with permission for the U.S. General Accounting Office







Over‘View

This unit will mtroduce you to the QI Story and the seven step
method of problem solvrng

Learning Objectives.

Upon completion of Unit 3, you will be able to-
1. Identify the séve’n'steps of the problem-solving process.

2. Rééognize the various tools and techniques which are used
to support the problem-solving process.

3. Explain the significance of the Q! Story as a standard way
for the team to communicate its progress, to support the
management presentation, and to relnforce the use of
statistical techniques.

4, Recogmze the seven Quality Control (QC) tools and name

the three QC tools which are most Ilkely to be used in the
problem solvmg process B ‘

© 1991, QUALTEC, INC. QTM 1/15/91' o Reprinted' with permission for the U.S, Generél Accounting Ofﬁce
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“The QI Story |

What is the QI Story? -

The Quality Improvement problem-solving process is a
systematic, data-based approach to problem solving. The QI
Story is a structure to help illustrate the steps to be taken by a
team in the. improvement process. It provides-a standard way of
communicating team progress. The vehicle used to document
this process is known as a “story board,” which is essentially a
structure allowing a team to display its work in a standardized
fashion. (The QI Story is illustrated on page 4.)

Why is the QI Story Useful?

* It helps the team to organize, collect, and énalyié
information and to monitor how they are doing.

o |t encourages the team to obtain and communicate
information to non-team members.: '

How Is the QI Story Used?
The QI Story is a gmde as we go through the problem-solvmg
process; it serves as a guide for planning, doing, and checking.

If we follow it step by step, it provides both the team and others
with a clear picture of the logical process used for improvement.

When is the QI Story Used?

We use it at every stage of the team'’s activity and every step of
the improvement process.

Reprinted with permission for the U.S. General Accounting Office
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- The QI Story

Quality Improvement Story__

Team information

(). -Reason for Improvement

Graph Flowchart

Pareto Chant_,

. Current Situation -

® standardization

@ Future Plans

(ale

e[/

[
NAAAAAARAAN,
NAAAAAAAAAA

101
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. Team Information

The first block of the QI Story is designed to provide a place for

the team to “introduce” themsglves to whomever may be looklng
at their story board. The followrng suggestlons are provrded for,
completing the biock: ’ v Ciew

© 1991, QUALTEC, INC. QTM 1/15/91

Show team name, members plctures and names |f desrred l

Post Team Pro;ect Planmng Worksheet

" Dlsplay team meetmg mmutes

Solicit comments using self—strck notes
Recognrze mdrvrduals who provrde support to team

Reprinted with permission for the U.S. General Accounting Office
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Team‘P'rfb“iétct'Plahh‘i‘ng”wb‘r‘kjsﬁée,t

What ls the Pro]ect Plannlng Worksheet?

The Team Prolect Planmng Worksheet |s a form used by teams» .
to record their meetings, set goals for their activities and track - ;
their progress. An example is p‘rovid‘e‘d on th‘e" folIowing‘ page,_'ni"{ -

Why is the Project Plannlng Worksheet Useful’

The team can see the number of meetlng heyvve had and :
assess progress in meetmg the pro;ected targets and goals for »
each step of the QI Story. N

How Is the Pro]ect Plannlng Worksheet Done°

Ideally, a facmtator should attend all team meetlngs and' review .
the worksheet with the team. _Then, based on team-and facﬂrta-"i
tor experience, projected completion dates should be set for
each step of the process. As each step is completed the ‘
actual" date should be entered ISR N "-;;"j-w.;

When is the Project Plannlng Worksheet Used? i

Each new team. and any team beglnnlng anew, theme, should "
complete the worksheet. :

Reprinted with permission for the U.S. General Accounting Office



Team Project Planning Worksheet

Theme
(Problem Area)

Team Work Location |

Team Name
Duration

ol oMol { ) ToaMoms | 1

Team Information .

P
;! .

I

Schedule C—] Prokciod N Aduai)|  Comments

Mo. & Yr.

{How each step was done) ~ -

“Reasoa for

Sitoation

Analysis

Counter-
measures

Results

Standard-
Py

Future
Plans

_ Note: Place

© 1991, QUALTEC, INC. QTM 1/15/91

an asterisk (*) after the presentation date. T™307
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Step One: Reason for Improvement

Objective ‘ _ _
Identify a theme (problem area) and the reason for working on it.

.

- Key Activities

Research for themes: ,

~  Survey internal/external clstomers.

- ldentlfy what the team already knows (Bramstorm)
— Review unit indicators. - '

~  Interview individuals fro_m the work area.
Consider customer needs to help select the theme.

Set indicator to track the theme.
Determine how much improvement is needed, using data.

Show impact of the theme.
Schedule the QI Story activities.
Describe the procedure used in the problem area.

Helpful Tools/Techniques

Graph

Control Chart
Process Flowchart
Control System

Examples' Graph- Flowchart

Reprinted with permission for the U.S, General Accounting Office
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Objective

Select a problem and set a target for improvement.-

Activities

Step Two: Current Situation

Collect data on all aspecté of the theme.

Stratify the theme from various viewpoints. -

Select a problem from the stratification. of the theme. ‘
Identlfy the customer’s valid requirements.

Write a clear problem statement...

Use the data to establlsh the target

Helpful Tools/Techni'q ues

Checksheet
Histogram
Pareto Chart
Control Chart
Graph

- Examples:

Pareto Chart

T™-3-09

Reprinted with permission for the U.S. General Accounting Office
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_ Step Three: Analysis

Objective

Identify and verify the root causes of the problem. -

Key Activities

Perform cause and effect analysis on the problem e |
Continue analysis to the level of actionable root cauées. .
Select the root causes with probable greatest |mpact

Verify the selected root causes with data. '

Helpful Tools/T: echnlq ues

© 1991, QUALTEG, INC. QTM 1/15/91

T-2-10 A " [Soo0000007 )

Cause and Effect AnaIyS|s

- Ishikawa (Flshbone) Dlagram
Checksheet - o
Pareto Chart

Histogram

Graph

Scatter Diagram -

Examples:

Ishikawa Pareto ‘ Scatter

(Fishbone) Diagram . Chart Diagram

Reprinted with permission for the U.S. General Accounting Office
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Step Four: Countermeasures

Objective

Plan and implement countermeasures 1 that will correct the root
causes of the problem ‘

Key Activities

* Develop and evaluate potentlal countermeasures whlch
- Attack verified root causes.
- Meét customer's valid requurements
'~ Prove to be cost beneficial."
* Develop an Action Plan that ,
— Answers who, what, when, where and how.
— Reflects the forces needed for success
»  Obtain cooperation and approvals. =

. Implement countermeasures.

Helpful Tools/Techniques
*  Cost Estimation

* Countermeasures Matrix
* . Force Field Analysis

* Action Plan

Examples Countermeasures f L e
" Matrix { { (f/ Action l?lan
2[6 e
RE ppa—
1 33| .___. ‘
(3] 1] —
12]2]4) _ .
. e
© 1991, QUALTEC, INC. QTM 1/15/91 : T Reprinted wllh permissian for the U.S. General Accounting Office




|| ‘Step Five: Results

Objective

Confirm that the problem and its root causes have been
decreased and the target for improvement has been met. -
Key Activities -

* Confirm the effects of the countermeasures, checklng to see
if the root causes have been reduced. '

. Compare the problem before and after usrng the same
indicator. .

. Compare the results obtained to the target B ,

* = Implement additional countermeasures if results are not .
satisfactory. ’

*  Histogram ’ o K :
* Pareto Chart ' R e
*  Control Chart

* Graph

' Examples:

Pareto Chart : Graph

© 1991, QUALTEC, INC. QTM n 5/91 o ' i Reprinted with permission for the U.S. General Accounting Office
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UNIT 3

Objective

Prevent the problem and its root causes from recurring.,

Key Activities

“and explain the need or purpose,

Helpful Tools/Techniques

L]
L]
.
L]

Step Six: Standardization

Assure that countermeasures become part of daily work:

...Create/revise the work process. .
“Createfrevise standards -

Train employees on the rewsed process and/or standards

2

Establish periodic checks with assigned responsnbllltles to

monitor countermeasures

Consider areas for replication.

Control System
Control Chart
Graph
Procedures
Training

Examples:

© 1991, QUALTEC, INC. QTM 1/15/91

Control System

Control Chart:

Reprinted with permission for the U.S. General Accounting Office
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Step Seven: Future Plans I

Ob]ectlve _

Plan what to do about any remalnmg problems and evaluate the .
team’s effectiveness.

Key Actlvitles S R ., o R

. Analyze and evaluate any remalmng problems

+ Plan further actlons if necessary

*  Review lessons learned related to problem-solvrng skills,
group dynamlcs and team effectrveness
— What was done well?
— What could be improved?
— What could be done differently?

Helpful Tools/Techniques

«  Action Plan

. P-D-CA
Examples:
ActonPlan.  Plan-Do-Check-Act
— e

Reprinted with permission for the U.S, General Accounting Office
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I The Seven QC‘Tools I '

A vital part of the QI Story is the utilization of statistical quahty
control tools,

What are the Seven Basic QC Tools?

The seven basic QC (Quality Control) tools are common analyti-

cal methods used to solve problems. They are Checksheet,
Graph, Pareto Chart, Cause-and-effect (Ishikawa or F|shbone)
Diagram, Histogram, Scatter Daagram and Control Chart

Why are. the Seven Baslc Qc Tools Useful? o

The major use of QC tools is to provnde objectivity ‘and éléi‘ity in
the way we do our work. They help separate opinions from data-
based logic, thereby allowing us to "speak with facts."

How are the Seven Basic QC Tools Used?

QC tools can be used by everyone. We are “speaking with
facts" when =
* we know what the work process involves: its inputs, activi-
~ fties, and outputs. ‘
* we track the facts about this process and keep records
- which can be compared to discover how well we are doing
“and/or where we need to change orimprove, =

* we gradually learn ways of analyzing what the data can tell
us (simple statistical analysis techniques). '

When are the Seven Basic QC Tools Used?

They can be used by individuals or teams to examine and
improve both work process and outcomes. Use of QC tools is
particularly necessary for Quality Teams since they provide a
common means of communication and decision making.

Reprinted with permission for the U.S. Generat Accounting Office
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QUALITY IMPROVEMENT STORY

Team Information Reason for improvement Current Shusiion
- ©® - ®

Checksheet

O
/
”~

Graph Par§o Chart

// \ \\ |
B

Seven Basic Tools

ishikawa Dlagram _

o

Control Chart

T™M3-16

Eighty percent of all problems can be solved using just three of
these seven basic QC tools: Checksheet, Pareto Chart, and

Cause-and-Effect (Ishikawa or Fishbone) Diagram.

Ninety-five percent of all problems can be solved using the
seven basic QC tools.

© 1991, QUALTEC, INC. QTM 1/15/01
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ofa completed Ql Story

© 1991, QUALTEC, INC. QTM 1/15/91

| Qi story video |

The QI Story video summarizes the seven steps andthe tools
and techniques that support the steps it prov1des a walkthrough

Reprinted with permission for the U.S. General Accounting Office



Getting Started:

| The First Steps




=

== —

UNIT 4 | ' ' 2

Overview

‘This unit provides guidance to the team in "getting started." The -
tools/techniques of Brainstorming, Multivoting, and the Theme -
- Selection Matrix, along with the Checksheet, provide team
members with an understanding of how to proceed with the first
step of their Qi Story.

Learning Objectives

Upon Completion of Uhﬁit;ﬁl, you will be able to |

1 Explain how to get startéd, asa teém, ih .selecting an im-
provement opportunity. o '
Identify the techniques of Brainstorming and Multivoting.
Use the Theme Selection Matrix. |
Use the QC tool, "Checksheet."

© 1991, QUALTEC, INC. QTM 1/15/91 _ ' Reprinted with permission for the U.S. General Accounting Office
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Theme_ Selectioh Matrix

What is the Theme Selectlon Matrlx?

-The Theme. Selectlon Matrlx |s a tool which: helps the team
1,quuckly select a theme on which to begin gathering. data Using :
‘its ]udgment the team should select a theme which shows the
“heed for |mprovement The Theme Selechon Matrlx is shown on

the followmg page

Why Is the Theme Selectlon Matrlx Useful’

“The matrix allows the team to rank its themes by consnderlng the

impact on the ‘customer and the need to improve. Thus, the
team Is able to focus Iits energles on improvements whlch
are customer orlented, The matrix also helps the team achieve

ownershlp and clarity in the selectlon of its theme

-When is the Theme Selectlon Matrlx Used?

The matrix is used after the team has reduced its Ilst of themes

to three to five items through Multivoting. The list is then placed
onto “the matrix and the team works to complete the remalmng

categories. ‘ ,




L6/SL/L LD "ONI'D3LIVNO "1661L O

oo buunoooy fe1eusy) "g'n ey} Joj uoissiwiad yum pajuudsy

f

Theme Selectuon Matnx

Themes Impact on Customer Need to. lmprove = . :Overall
Themes: Impact on Customer: Need to improve: Overall:
The 4 or Sremaining| A rating based on the team's - -| A rating based on the team’s The product of Impact on.
after the team has present knowledge and presentknowledge and’ Customers X Needto . . -
muttivoted. judgment of the direct effect .| judgment of the difference - Improve.: ‘The theme
this theme has on customer. . |- “between the present perform- receiving the highest rank-
Teams should con- satistaction. (How severeis . | . ance and that needed to meat ing should be investigated -
sider only those each occtirrence?) _the clstomer's valid - setting an indicator and:
themes within their . requirements. (How. actually measuring the .
responsibility and Higher ratings are given to frequently does it occu'?) ‘present level and comparing .
control. ' themes which have amore. - it o the valid requirements.
direct effect on customers. “Higher ratmgs are’ glven o - ‘If there Is-a differerice, then
' : -themes with greater need to ~'the team should proceed.  if
improve. 1 . not, it shouldinvestigate the
next theme. -
Scale: 1 None | 2 Somewhat 3 Moderate 4 Very 5 Extreme TM408

y LIN(
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| | Ch_eCksheet I

What ls a. Checksheet?

A Checksheet is a fofra on whlch data coIIected systematrcally
can be recorded |n unrform manner

Why is a Checksheet Useful?

A Checksheet enables us to gather a variety of .data in.a:
systematic fashion. If the categones are complete especrally if .
they iriclude the’ source this’ tool can grve us a clear and
objectrve plcture of the facts.

What' Does a Checksheet Look Like"

An example of a srmple Checksheet is shown on page 10 Other

more complex Checksheets with which we are familiar include
expense account forms, multrple entry ledgers, and payroll check

How Is a Checksheet Constructed°

1. Lay out the categorles of mforma’tron and data we wrsh to

gather about the rtems on the checkhst onto a standardrzed form ’

or gnd

2. Determme the categones by asklng such fact—ﬁndmg

‘questlons as
-+ What (what happens)‘?

*  Who (who does it, who recerves it, who is responsrble)7

.. Where (what place; what par, what sectlon)'?

. When {what tlme of day, month "how often)?

* How(how does |t happen how much how Iong, etc.)?

To obtain categones for the Checksheet, use all the ]ournalrsttc

questions except “why?” Asking “why?” will mislead usintoa

search for causes when we are still trying to determine whether a
problem exists and, if so, what it looks like. .

Reprinted with permission for the U.S. General Accounting Office
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Design the Checksheet to facilitate the collection of as many
different kinds of data as would be useful. The team can brain-
storm items and then refine the list through Multivoting. It is also
helpful to gather a little data prior to setting up your Checksheet.

~ You may identify the categories from this smaller sample.

3. Clearly indicate on the checksheet who collected the data and
where, when and how it was collected Ina sample the total
population from which the data was gathered should also be
indicated. e

When is a Checksheet 'Used?-

The Checksheet is used whenever the team needs to collect

data to help |dent|fy and quantlfy problems and lmprovement
opportunities (themes) especnally in steps 1,2, 3, and 4 of the Ql

the nsk of errors and facilitate the orgamzed collectlon and
analysus of data :

Plant Site o B rerepemes

Packaging Line Interruptions, 1990 ——
AN [FE8 [MAR] APR]MaY JUR | JUL | AUG] SEP ] ocT [Nov | DEC] Totale
AREREENERE lwlful Tw] Tal._
Hal i S | SRS L)
' i : B ' ‘ 1"
i, ! wilw|wjojuwim '
Clu
* R : ! .21
| |
oula
b 2
"t
s, i vl |
[ ]
N ) : 3
33 A LSRR SEEEINLS 'h ¥ ‘!l1l ’li;lL ) w s
R : n: R .
'? ’ 78
A . N g
] RIS U N S 4 1 Wl
i : [} W | “':'i by {{ {EK W
3 ' fwwg W wlwl | 173
T B R . TOTAL | 288
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= The Focus for Getting Started J :

Activities

Selection

Theme . /).

Review of
- Department
Indicators

Brainstorming_
& \."‘:":‘, 5
Multivoting /-

TM4-11
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Pareto Chart
. and
Problem Statements
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_Overview -

Unit 5 will introduce you to the Pareto Chart and Problem
Statements '

Le‘arn.ing Objectives

Upon completion of Unit 5 you will be able to
1. Explain'tt\e‘ Pareto Chart.

2. Construct a Pareto Ghart

Identify the criteria for evaluatmg the teams Problem "
Statement ‘

© 1991, QUALTEC, INC, Q™™ 111501 ) » Reprinted with permissionforthe U.S. General Accounting Office
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l‘« Pareto Chart I

What Is a Pareto Chart?

* Pareto analysis is.a way of organizing data to show whai
major factor(s) make up the subject belng analyzed. It isa
search for significance.

* APareto Chart is a type of chart i in whlch the bars are
arranged, in descending order, from the left.

*  The basis for Pareto analysis is the “80-20" rule; 80:percent
of the problems result from 20 percent of the causes.

Why Is a Pareto Chart Useful?

Arranging data on a Pareto Chart helps to highlight “the vital few”
in contrast to “the trivial many." Selecting categories, tabulating
data, ordering data, and constructing the Pareto Chart can
enhance communication among team members and with
management. It allows the team to select the component of the
problem which will produce the greatest results. This component
is then taken forward to the Analysis step of the QI Story.

A}

‘Par'eto Chart of Fish Storles
Why the Big One Got Away”
120 ’ 100%
n=120 '
105 =
90 - - 83% - 75%
No. 79 68% |
0.
Misse§0- — 50%
Fish 45
30 . B - 25%
27 .
154 17—| 14—
0 L 0
Une  Bait  Lne Wiggled Other
Szcomm Broke Lost Snag  Off
Yhep . Excuses (Why the Blg One Got Away) HE0o
© 1991, QUALTEC, INC. QTM 1/1591 . ‘ Reprinted with permissionfor the U.S. General Accounting Office
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How Is a Pareto Chart Constructed?

N -

3.

Significant
% of Data
in One or Two

Identify what data are to be analyzed, such as defects. . ..

Select the categories to be used (defects.by shift, Iocatron,
type), and sort the data into the categories; for instance, how
many. defects related to shrﬁ Iocahon and type. .

If possible, further stratrfy the data; for instance, “shift” may
be broken down into “day," “night,” and “grav yard o

Make a graph wrth the bars ordered |n decreasrng frequency
from the left.” : .
Verlfy

. _’Bars touching

« . Left axis for acrdal data . .

-« Right axis for percent of total: : *

+  Cumulative line from zero

* Second stage Pareto, if applicable

Q™ 1/1591
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5. Check your graph for the Pareto pattern a “flat” Pareto —

- categories with similar percentages — - indicates the need for‘ '
different stratification of the data, .

6. - Be careful not to mix dissimilar c’at‘egori’esv of problems on'
Pareto Charts. - To illustrate this danger, look at the Pareto
Chart below. Consider the three categories.

* Pareto Analygls :
73 : : e 100%

“® 4000

' Inventory Defects ~~ Sales
(A) (B)’f €  new

The categones are of three different types.

A Inventory is a reduction problem. We cannot do.

© - without mventory, but'we would like to reduce the
unnecessary portion of it. Category A can be subdivided
into.necessary and unnecessary inventory. ‘
Unnecessary mventory is a zero—base problem. It can
then be compared to Category B.

B. Defects is a zero—base problem, the |deal sltuatlon is
to reduce it to zero (no defects).

C. Sales Is an increase problem; we want to know how to

increase sales, not reduce them to zero. We should
project how much of a product is possible to produce,

then try to increase it to that amount.
© 1991, QUALTEC, INC. QTM 1/15/91 ’ . Reprinted with permissionfor the U.S. General Accounting Office



- - - EERE L =l | 1L FEAE. S8 B B i Pl

Here are further examples of the three types of problems:

Reduction Problem rot zero, even ideally
-(examples: lnventory,
staffing, costs)

Zero Problem - . videally-zero
- .(examples: defects,
~ trouble calls, errors, etc.)

Problems

“Increase Problem - not.zero, even ideally
s+ 0o (examples: service
reliability, KWH usage, : ,
' saleof other products) |

When is It Used?

Pareto analysis can be used to. ldentlfy ma]or factors in a subject
being analyzed and to help prioritize and select counter-
measures. It is a useful way. of identifying problems in Current
Situation step It can also be useful in the Analysis and Results
steps.

© 1991, QUALTEC, INC. . QTM 1/15/91 N ' Reprinted with permission for thé US Genéral A@unﬁng Ofﬁce




UNIT §

~Exercise: Pareto Charting I ‘

Agenda’

=

To construct a Pareto Chart.

| Usmg the information on page 8:

* Team 1 will construct a Pareto Chart for the
type of defect.

. Team 2 erI construct a Pareto Chart for the

- six-different days of defects (wrthout regard '
- to'individual defects). :

sy Team_a will construct a Pareto Chart for the

“three different plants in which equipment
failure occurs (without regard to individual "
defects)

. AII teams WI|| answer o

' What do you suggest for further mvestlgatlon" "

Limit

© 1991, QUALTEC, INC. QTM 1/15/9t

25 minutes

Reprinted with permissionforthe U.S. General Accounting Office -



- o= - — Pl ) AR b AL Ui o

Exercise Information

A Bowhng Ball Company has been expenencrng problems wrth
its bowlmg balls. The company declded to do an analysrs on the.
types of defects they were experiencing. Five defects were
noted as occurring at least once, s -

A form was constructed t6 record each -defect by plant ‘and'by
day. ‘The five defects and the compaity’s costs to correct €ach
occurrence were as follows (with correspondrng symbols to’ be
used on the form for an occurrence) .

X - cracked $40 o

O - scratched - $1

C - chipped:: - $8:

4 - burred $3

* - off-color $15” ,
Each occurrence of aII defects created the same amount of

inconvenience to each customer (about 3 hours). The results of
recording the defects over a perlod of time gave the foIIowmg

data:

Plant | Mon. | Tue. | Wed. | Thu. | Fri. | Sat
Joox|coofoox]o##lo#kfock
A Jco Jo#x]coo]lok |kxoclo#o

X c # 0.
of#kxJoo#]Jo# Xx]|cHx]ooc]lo#x
B co # o o] # ool xo0o0]lkoo
o]
ocoo# |lokolJooo|lo#¥oloc#HlocH#
> #ocl# ocl#oc]x #o00Jooo
o} * ’
© 1991, QUALTEC, INC. QTM 1/15/91 ' o Reprinted with permissionfor the U.S, General Accounting Office
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I Problem Statements I

A good Problem Statement describes in speclfic, concrete terms
what the data has revealed. It descnbes the present undesrrable
srtuatron whlle av0|dmg "hldden solutlons

Criteria for a Good Problem Statement:

It states the effect. lt states "what" is wrong, not why it is
wrong. Avoid "lack of" statements. These always |mply

- solutions. .

it focuses on the gap between what Is and what should
be. The gap may be a change or deviation from the norm,
standard or the customer's expectation. :

It Is measurable. It says how often, how much, when

It is specific. It avoids broad and ambiguous categories like
‘morale,” "productivity,” "communication," and "training."

It is a statement. Do not phase problems as questions.
This may tend to imply that the answer to the question is the
solution. Your statement should not |mply a solutron or
blame

It focuses on the paln. The Problem Statement highlights
"how" people are affected, the areas of discomfort, hurt or -
annoyance.

Remember that wrltlng problem statements wrll sometimes be
difficult since the problems often seem "obvious." The Problem ‘
‘Statement summarizes steps 1 and 2 of the QI Story. The
Problem Statement is the effect or head of the Ishikawa (Fish-
bone) Diagram, which will be discussed in Unit 6.

© 1991, QUALTEC, INC. QTM 1/15/91
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UNIT 5

10

Samples of Problem Statements:

.

Slmple, basic statements that an lndlvldual mrght use
. My program won't run. (Who, What) o
+ My car ‘won't start. (Who What)

« My checkbook didn't balance two of the Iast three
months. (Who, What) o

Examples of Who, What, When and Where statements
teams might use: i

«  This customer has be'en billed'incorrectly for 3 months

* There is an average of 3 typmg errors per page on the
Quarterly Report.

+ Accounts Payable misséd’its deadlme 30 percent of the
time in the first half of '90. :

*  In August, the. Tlme-Shanng system was down 16 hours
- -more than the monthly average of 26 hours

» Data Entry overtrme cost is 20 percent over budget

*  The Computer Center mrssed its customer brll schedule
9 times in May. - »

Faetors to Consider:

1.

© 1991, QUALTEC, INC. QTM 1/15/91

Problem statements should represent the effect of some
problem, focus on the gap between “What is happening” and

| “What should be happening,” have no implied solutions,

focus on "the pain," and be measurable

They do.not include any "Why," "Lack of," "Due to elements.

. However, some might be more specific.

After this the team can begm analyzmg "What could CAUSE

* the problem?"

Reprinted with permissionforthe U.S. General Accounting Office




UNIT §

" The Problem Statement Matrix

The Problem Statement Matrix shown below can be used to-
evaluate problem statements. This matrix should be used after
the team has developed its Problem Statement - -

TLS-18

[TRT
=
Egso88]
2 g g stﬂ»’ i

(-]

2. 4
_E2ygd
it
pofl.

e "1

(D)
ftis
specific.
Avoids | .
| broad
categories

" (C)
itis

measur- -
able

5§73 |
Bg3rzd
2853 |
224
z58F

Problem statements do.not need to meet all six categories. But,
obviously, the more categories each potentlal Problem State-

ment meets, the clearer it is likely to be.

© 1991, QUALTEC, INC. QTM 1/15/1
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Ishikawa (Fishbone)
Diagram and
Countermeasures |
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UNIT6

~ Overview

Cause and Effect Analysis can be done by using different tools.
This unit will introduce you to the Ishikawa, or “Fishbone” \
Diagram, which is the tool most commonly used.

~ Learning Objectives

Upon completion of Unit 6 you will be ableto

Recognize the Ishikawa Diagram.
Construct an Ishikawa Diagram.
Effectively use the Countermeasures Matrix.

Understand the need for Force Field Analysis and Action
Plans. ‘ ’

W P

'© 1991, QUALTEC, INC. QTM 1/15/91 Reprinted with permission for the U.S. General Accounting Office



UNIT 6

Ishikawa (Flshbone)

What Is the Ishlkawa Dlagram"

1.  The main purpose of Cause and Effect Analysns is to help
the team solve problems by the: ldentlficatlon ofa root cause
so that corrective action can be taken.

2. Cause and Effect Dlagram isa plcture composed of lmes
and words désigned to represent a meaningful relatlonshlp
between an effect and its causes. The specific tool that we
will focus on is called the Fishbone or:Ishikawa Diagram.

[ Meter Access | | Meter Reading Process | o
Rushed Mater Rsaders

[etercans | [ Wieter Readers | s

Why Ié the‘Ishikawa Dlégram Useful?
This tool helps teams reach a common understanding of
problems and exposes gaps in existing knowledge.

© ©1991, QUALTEC, INC. QTM 1/15/91 ’ ‘Reprinted with permission for the U.S. General Accounﬁng Office




UNIT 6

How is the lshlkawa Dlagram Constructed?

1. Draw the Fishbone Dlagram Start at the right, building the
major categories (bones) toward the left.

2. Wirite the problem statement i in the head (box) of the Fish-
bone. (Only the portion concerning the effect of the problem
statement is necessary. This was identified in Step 2
through stratification.) e ‘

3. Determine the major categories of the F|shbone which relate
to the effect. ‘There are four ways to determlne these
categorles e t

a. - First; you can review: the generlc categones of

People

Methods

Machine _ O

Material SR

Environment ‘ .
Match them, if possible, with major contributors to the

_problem. For example, a team of delivery drivers is

working on a‘problem that pertalns to their functional

area:

' “Generuc C'ateg_oriés-'"“ Maior Contributors
Peope ~ Drvers .
‘Methods R Delivery Process
Machine o . Truck '
Material . . Shipments |
Environment Dellvery Route .

This functional team used drlvers dellvery process
truck shipments, and dehvery route as the major bones
of their Fishbone. ‘ ‘

b.  Second, if you are working with a process you can
break the process down into its major activities by -
creating a flowchart. Then assign each activity as a
major bone. (See Fishbone on page 6).

© 1991, QUALTEC, INC. QTM 1/15/91 ) ' : Reprinted with permission for the U.S. General Accounting Office
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UNIT 6

Thll‘d the team can bralnstorm possuble causes of the '
_ problem When bramstormmg, it is often helpful to
review at least one - mstance of the problem you will -
analyze in detail. Be sure you understand how.it oc-
curred and what the situation was when it occurred

After the list is generated, segment the ldeas into: major
categories. Name the categones and use them as major '
bones. For example Operators, Ammals, and Alarm ‘
Systems :

" d. Fourth, a Pareto. Chart can be used to break down the

4,

© 1991, QUALTEG, INC.  QTM 1/15/91

"effect into component parts, if the necessary datais..
available. These parts can then be used as major
bones. R : _

“Prioritize” the major categories in descendmg order, begin-
ning with the category that has the highest likelihood of
producing a potential root cause. For exam‘ple_,:

A

] il

In the Fishbone with four ma]or categorles or bones (shown
above), the pnontrzatlon order would be A, C, B, D. There-
fore, A is the major bone allgned most closely to the head of
the fish, followed by C, B, and D.- » : '

Thrsvprlontrzatlon is especlally_: useful lat_er when th‘e Fishf
bone is reviewed. If a reviewer can trace the logic flow in
the construction of the Fishbone, then he or she can follow

the team’s thinking and offer better dlagnostlc advrce to the

team.

Reprinted with permission for the U.S. General Aocounting Office




UNIT 6

5. Once the Fishbone is set up with major categories, begin
with the major category the team has identified as most
likely to produce the actionable root cause (the category
aligned most closely to the head of the frsh) and beginto ask
“why?” o
- Why does this occur?’

= Why does this condition exrst?

Be sure to walk through the logrc of your dragram in both
directions, ‘as shown below (This a1 Is caused by this a2,
which is caused by this a3). Then, in reverse, a3 caused
a2, which'caused ai.- Often illogic will not surface until the -
second drrectron is trred Thls completes one Iogtc chain,

rProeens:cpt l lProeouSt.p3 |

| eFeeCT
{Problem)

| Processstep2 | lProeousmM | L nes

Now revisit each sub-bone for addrtronal causes; specrfrcally,
move back to a2 and ask again, “Why does a2 occur?”
Next, ask again “Why does a1 occur?” and continue this -
process of asking “why?” back to the. ma]or bone (Pracess
Step 1). (See example of this | process on pages 7-8)

6. Complete the entire Fishbone before moving to-Step 7.

7. Identify the likely, actionable root cause(s) and circle (or
cloud) the last element in the charn

8. Verify, with data, the most: Irkely root cause;: Teams should
collect data to verify that these are indeed the root causes of

the “effect.”

© 1991, QUALTEC, INC. QTM 1/15/91 ' : Reprinted with permission for the U.S. General Accounting Office




If a potentlal cause seems to have many compllcated .
subcauses, break into a separate dlagram :

Here'is an example of a Frshbone constructed by a QI
functlonal team. ’ SRR TR :

Flshbone — Late Deliverles '

Late
Deliveries
Shipments 2'""" : s

In the above example, begin the questioning: “Why do
drivers cause late deliveries?” Proceed on this logic
chain until it is no longer actionable or logical. After the
chain is exhausted, retrace the logic from cause to effect. If
the logic pattern is valid from both effect to cause and cause
to effect, leave it on the Fishbone. if it is not logical, rework
or remove it.

{

© 1991, QUALTEC, INC. QTM 1/15/91 . ‘ Reprinted with permission for the U.S. General Accounting Office



"UNIT 6

After completing one Ioglc chain, move up.to the next level
and ask “why?"again. In'the above example. the team had
to stop at “Ship orders not recelved” because it was out of
their control.- The next.area for consideration should be — Is
there another cause for “shipping lead time inadequate” -
about which the team could ask “why?” If there is, continue
asking “why?" if there is‘'not;:go-up to the next level. Con-

- tinue to work the Fishbone in this process untll aII major

categonesare questloned : e

After completlng the Flshbone the team assesses wh|ch
areas might be worth further examination as potentral root
cause(s). Once these areas (usually two or three) are
identified, data is collected to verify that the area(s) investi-

gated are, |n fact, the root cause(s) of the "effect !

© 1991, QUALTEC, INC. QTM 1/15/91
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UNIT 6

T T

| Choosing Countermeasures (Solutions) ... .

Sometimes those who havebeen involved in Qualltylm-;
provement talk as though the solution "falls out automati-

- cally"-at the end of the process. There are occasions on
~ which only one solutlon I8 possmle {build ornot build, buy or

“notto buy) but these are rare..

Ordinarily.as much care should be taken m Ychoosing a
solution, or countermeasure; as at any- other stage-of the

_process. The team should work from'its data’ base, should

. allow, and certainly should be as diligent in the pursunt of. not‘

‘will they mvolve how many people manhours.

research options, should beas’ ‘creative.as the i |ssue will -

just an adequate answer but the nght" answer,

Some possible solutlons or countermeasures, will be
obvnous, but brainstorming; Intervlewlng, and- manage—
ment suggestion are all-good sources. Once the most
||kely have been chosen, they should be investi

o ‘countermeasures, it wnll develop an Actlon Plan'to
© - implement these countermeasures.: The term -

"countermeasure" is appropnate because at this point, we

are not sure that the action to be taken is really a solutlon

© 1991, QUALTEG, INC.  QTM 1/15/91

Only after the resuilts are obtained and tracked over time,
can we be sure of a "solution.” “

'\ Reprinted with permission for the U.S. General Accounting Office
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UNIT 6

What is Eo oo:_:m:.:omu:_dm Matrix? .

ltisa 3m=_x of factors to help the téam show the relationships -
among effect, root causes, and countermeasures. It also helps
the team to evaluate i:_o: oocamqsmmmc_,mm mroc_a am

_Bv_m:_maon
Wbt e ey Counter v.-n._a_ mnz_za.o,ﬂ X Feasibiity. = Oversl Action
5 RIS T O LW T B D05 v e L gng . N 3
;;.,J., ..
rotn | et | 0% | o | St | Fritity | Ot | bt
, A tack | Aratingbased | Arstingbased | Theproduct |  Indicated
d“.__“.“e.-___. x.:uv.ilu: M...%aﬂ ga S-.uaaan. .oﬂ“u._..i o YES o
thal needs |  your cause timedsl | scconplishthe |  the counter- 0os}, work, Effectiveness ¥ Action
comection. | - andeffect . |- therool - countar. measure wil acceplance, X wilbe
dogramand | causesand . | ‘measures. A raduce the ok, needed b Feasbifty. taken,
havebeen | - arewithin counter: fool cause. : implerént the This shoutd
verfied. |- theteam's | measwsisthe | The higher couniemmeasure, sarvesss
T R e | R S
L ethod ohecive | " feasble meares for
. Is the how. countenneasire | countermeasure. action,
SCALE: . . 1None. ,nmo:.o.i..m,.. . 3Moderate ‘ @.,..<,a.<_ 5 Extreme
414

Why is the Countermeasures Matrix Useful?
We use it to assure that the oocsﬂmgmmmcqmm address the

significant root causes.

© 1991, QUALTEC, INC. QTM 1/15/91
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.11,.’

The Countermeasures Matrix is similar to the Theme Selection -
Matrix discussed in.Unit 1. This'Matrix guides the team:in
verifying root cause(s), identifying alternative countermeasures,
and determining the effectiveness: and feasibility* of their - -
countermeasures. Other prioritization matrices may be used to
evaluate countermeasures, but the example is one whlch can be
easily used by most teams

How ls the Countermeasures Matrlx Constructed°

1. After verlfylng the srgnlflcant root causes, the. first two
columns of the matrix may be filled in.

2. 'Next, the team identifies alternative countermeasures which
address each of the root causes. et

3. Inthe "practlcal methods" box, a specrflc task(s) is listed to
accomplrsh the countermeasure ~

4, -The team then rates each of the countermeasures numeri-
.+ cally'by effectiveness’and feasrbllrty The higher ratings go
" to those colintermeasures which are more effective and
.more feasible.. e

5 The ratings are then multiplied-and-the countermeasures
ranked for implementation according to their overall rating.

6: To determine how many of the countermeasures should be -
R implemented, the team will need to consider its resources
* and its target for. |mprovement Sufficient. countermeasures
‘need to be implemented to achieve the target.

7. The team wil indicate if the countermeasure will be imple-
mented by writing either "yes" or*no" in the action column.’

When is the Countermeasures Matrlx Used"

The Countermeasures Matrix i is used after the team has “

‘identified those countermeasures whrch address the: srgmﬂcant

root cause(s).

* Effectiveness and Feasibility may be broken down into several
components if the team feels they need it. Feasibility may be broken
down into cost and time.

© 1991, QUALTEG, INC. Q™ 1/15/91 " Reprinted with permission for the U.S. GeneralvAccounﬁng Ofﬁce

AN



- - - - aFastes | Sl il et v i
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What Is Force Fleld Analysls?

1. Force Fleld Analysrs is atechnique for pmpomtmg and -
analyzing elements which resist change (forces agalnst) or
push for change (forces for)

2. ,Thls techmque helps a team to meet rts objectlves by
planning to overcome the forces against and to make the
maximum use of the avallable forces for.

3. Consrder the followmg categones when domg the Force :
Field Analysis: L S

People

- Environmént. A
Hardware or Equnpment
Dollars ~

FORCES FORCES
COUNTERMEASURE —>AGA|NST—> <€ Fon €—

Why Is ‘ForoeFleld'ﬂ‘A'_‘na lysis Useful?

Force Field Analysis helps teams to carefully analyze a situation
when they are planmng for change. Once the forces for and
against change are identified, the team can make plans to use

“the available supporting forces and/or to overcome the exrstlng
forces against change which can prevent |mplementat|on ofa
solution.

© 1991, QUALTEC, INC. QTM 1/15/91 v Reprinted with permission for the U.S. General Accounting Office ,
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g

How s Force Field Analysis Done?

Y R

No o o

9

Identlfy the countermeasure, task change or concern

Identrfy (through bralnstormlng) possmle forces agalnst put
themiin a list.

Identlfy llkely forces for (agam Ilst them) :

Rank all listed items as high, medium, or low "

Match forces for which balance or avercome forces against. |
List matching forces agamst and forces for ona chart

List non-matchmg forces agamst and forces _f .
brainstorm any offsetting factors. b

(Note it is not necessary to come up wrth a supportmg :

~force for every force against)... A Y

Identlfy items needing team action usmg your ranklngs (high,
medium, low).

Develop an Actlon Plan.

; When Is Force Fleld Analysls Used‘?

; After a team has identified the most appropnate counter-
measures, it can use Force Field anaIyS|s to assist in planfiing
the trial implementation. The Force Field Analysrs should be a

part of the team's Action Plan. .

© 1991, QUALTEG, INC. QTM 1/15/01 -
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© 1991, QUALTEC, INC.

What is an Actlon Plan?

1.

The team’s Action Plan.is a techmque that catalogs all the

things that must be done to ensure a smooth and objectwe
trial of the solution or improvement. -

Although the Action. Plan may have dlfferent formats lt
should answer

S

Who

B What-
: ‘When
‘Where

qu _

The Action Plan should also conisider the Forces (for and
agamst) necessary for success. An example of an Action
Plan is shown below: :

-

Prepared By Date l’oo_o_of

TASK ASSIGNMENT RECORD . ) . -
{Review Daily; File for Futuie Reterence) .~ . LocPioy; i Lo — Perod L
o | Teewwroect | U | AssignesTo  Aooignod | Sanomer

Q™ 1/15/91
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UNIT 6 - L

Wh.y' Is an Action Plan Useful?

It allows us to explain our ideas to management and peers, and
to ensure an organized, objective |mp|ementat|on of the selected
countermeasures .

How Is an Action Plan Done?

'}9: . Analyze the proposed: |mprovement or solutlon and then
‘break it down into steps o

. Consider the hardware and numbers of people mvolved at
~  each step. -

. Brainstorm, if necessary, for other items of possible
srgmﬁcance .

« Add to the list until the team feels lt is complete.

When is an»Actlon Plan Used?

We develop an Action Plan as part of the Counte"'rme_aSUres
step. The plan will be one of the items that helps the team

obtain cooperation and approvals, and effectively implement its
countermeasures.

© 1991, QUALTEC, INC. QTM 1/15/1. Reprirted with permission for the U.S. General Accounting Office



. Overview:

Unit 7 introduces the 'rwe‘mai‘ning QC tools. These include
Graphs, Histograms, Scatter Diagrams, and Control Charts.

3

/. Learning Objectives - -

pron completion of Unit 7, you will be able'to - -

1. Recognize the appropriate Graphs., Histograms, Scatter
Diagrams, and Control Charts with respect to the QI Story.

2, 'Recognize that Graphs, Histograms; Scatter Diagrams, and

Control Charts, along with:Checksheets, Pareto Charts, and
Ishikawa Diagrams are methods to display, analyze, and

3. Identify additional GAO sources of help with the tools.

© 1991, QUALTEC, INC. QTM 1/15/91 v Reprinted with permission for the U.S. General Aﬁmﬁm Office
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UNIT 7
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ASlde from the information in this section, what asmstance is
avallable to GAO team members? ,

As GAO staff, you have several optnons for addltronal help with
Qc tools You can - G e e .

. Consult your umt's publlcatlons consultant

*  enroll inin: ‘I1's course Graphrcs What's Your Pornt?
(GRAF),

* use lnstant Chart on your PC.: -

e The QMG offers two addmonal resources

«. alist of the -names of staff who have developed expert|se ' _l
: |n usmg one or more of the QC tools, and

. copres of the software package SOS

Call QMG for more information.

. Reprinted with permission for the US. General Accounting Offics
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GraphS' Bar Lme Ple v

What are Graphs?

Graphs are visual displays of quantitative data. They lay out,
describe, or summarize a set of numbers or statrstlcs

Graphs come in many different forms, some of the major ones
are shown.in detail in the. followrng pages In general good
graphs have these elements in common: N :

*  Atitle desonbes what is portrayed in the graph

. + The vertical, or Y axis represents FREQUENCY — how ‘
many tlmes something has happened percentage of
- something, number of dollars etc.” ‘

_Chart Form Collected -
Y
F n=" s ER R
- By: P
SEET ‘.= Good” " |
q - On:
u i - .
n- el
e e
Yy |- ‘ “|Formula: *
T T T X — ;
Units _ S T8

*  The horizontal, or X, axis represents distribution or division:
of the data — how often something happens (days, weeks
months), how many-times things happened withina -
particular measure (how many data points between 7.34-and
7.45), etc. Both the X and Y axes should be clearly labeled.

¢ Thescale usedin a graph can be ad]usted to show the ..

' situation, expanded to emphasize variables, compressed to
show control. All graphs should have an indication of the
total number of data pomts represented as mdrcated by
ne -

© 1991, QUALTEC, INC. QTM 1/1 5/91 . , Reprinted with permission for the U.S, General Accounting Office




UNIT 7

l] 11

o f appropnate, the. average of the data pornts in a sample is
lndrcﬂed by X = ‘ :

o Iftherei ls a good" drrectlon, it should be: mdlcated wrth an
arrow, y

* Every graph should mdrcate ,

when: the data ‘Was, gathered

. where it was gathered,

by whomit was gathered
whether it is raw: data, a° percentage, averages
how the data was' calculated (a formula)

Why are Graphs Useful?

Because they vrsually drsplay complex data, graphs ard us in
understanding and interpreting data, and i in speaking. w:th facts.‘

When to Use Graphs .

The following shows some of the types of graphs that are used
throughout the QI Process and when they. are most often used.

R kR - — ST g - - SR | A B IEAN L Gl

© 1991, QUALTEC, INC. QTM 1/15/91

Most Often Used In QI Story Step
R..'ont cu".m An‘mﬂ, Counter- ! Results
Graph . tor, | Shua- | . | measures s“;‘m"::'”
Improve-|  ton S Plans
Line, Bar, Ple Grapts x| x ,

, Pamochm : ‘ x |.x | . | .x
Cause and Effect - - R |
Analysis (Fishbone. . ST X
Ao (P , .

Histogram _ | X x | x

"sm:oiagnm_ lLx x|

Control Chart . X x . CREU RN
TW-7:08
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“Pie Chart

What is a Pie Chart?

A Pie Chartis a graphic_‘ fégréséﬁtétibn which 6ofhbares relative
magnitudes or frequencies.

Production belays by Type-

Why Is a Ple Chart Used?

It is used to show the percentage an item contributes to the
whole. : ’

How Is a Pie Chart Constructed?

Divide a circle (pie) by several radii so that each wedge, for its
respective item, represents the desired proportion of the whole.

©1991, QUALTEG, INC. QTM 1/1501 ¥ ‘ Reprinted with permission for the U.S. General Accounting Office
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© 1991, QUALTEC, INC. QTM 1/15/91

To calculate the size of the wedge, divide the value of the item
by the total value of all items, then muttiply:

. by 100 to get percentage.

315 '
‘ - = .204x100= 20 4%
© 1542 0 (rework above)

* by 360 to get degrees : - -

315
1542

= 204X 360 =74°

A protractor should be used to pict the degreeseac(‘:urately.

Reprinted with permission for the U.S. General Accounting Office



UNIT 7

What is a Line Graph?

This graph is another way to wsually dlsplay data for purposes of
comparison. Specmc data pomts are e e'red by number and
then connected by a line. '

_Delays in Productlon ln Depart

'uae-er_ap'h B

33

Dept. A. + B.

Jan Feb

Mar Apr
_Month

Why Is a Line Graph Useful?

A line graph sketches an outline of a data pattern. It is easy to
construct. Analysis of the shape of line graph provides
information on which areas need future investigation.

May June

How is a Line Graph Constructed?

Dept. A

-0
37;—.
Dept. B

A =51 delays
B =58 delays

1. The center of each class interval is labeled on the horizontal

axis.

2. A trend line displays some variable over a period of time. In
the example above, the display is not of frequencies of
occurrence, but of variable values (vertlcal axis) over time

(horizontal axis).

© 1991, QUALTEG, INC, “QTM 1/15/01
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When using line graphs in your QI Story, follow these rules:

“Ifthe line. graph tracks data overt
‘most recent data is shown. ‘

If using several lines, the solid black fine is of greatest A
emphasis. It should be your own unit or actual data.
Dotted lines are used for pro]ectlons only ’

me, ensure that the

N e

If the degree of conformance is_ above 80 percent then i
track the degree of non-conformance ‘

Reprinted with permission for the U.S. General Accounting Office
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| Bar Chart I

What isa Bar Chart" 1

A bar chartis a’ graphlc representatlon whlch compares

Units Produced

Why Is a Bar Chart Used?

A bar chart presents a visual representatlon of data, thus making
lt easier to compare.

How Is a Bar Chart Constructed?

On the horizontal (X) axis, show the items or things being
compared through vertical bars of uniform width. On the vertical
(Y) axis, show the quantities (frequencies of events in different
locations, costs of different types of breakdowns, etc.) through
the height of the bars. For a horizontal bar chart, reverse the
labeling of the axes.

quantltles by means of rectangles (bars) of unn‘orm wudths but of

Reprirted with permission for the-U.S. General Accounting Office
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Comparison of the Advantages of the Ple, Line, and Bar

Chart
Ple Chart " Line Graph .- ...Bar Chart. -
- This chart is useful. .| -Lines make'trends -] -Bars make.it eas-
for more thanone | . and. datgkyana- < ler to raoognize o ¥
level of stratmcatioq- .tions overtime . . =srnall differences ... I...;
all-on one graph, " @asy to track. Line in quantities or
equivalentto . graphs are an frequencies and
several bar charts. excelient tool for: . - | to compare one
This chart shows “highlighting. . . category vith

 relative proportion change and canbe | another.
of each category
to the whole.

. TM:7-10.1
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I Hist_ogram, I

What is a HIStogram?

1.

© 1991, QUALTEC, INC.  QTM 1/15/91

A histogram (also called a frequency distribution) is a visual
representation.of the spread or distribution of data (for
example, the height, in.inches, of 36 employees). : -
Information in a Histogram is represented by a series of
rectangles or "bars” that are proportional.in height to the

frequency (Y:axis) of the'data groups or class sizes':(x’axis). v

Since the class sizes or data groups are equal in size, the
rectangles are of equal width. Therefore, the heights of
these “bars” indicate the relatlve number of data pomts in
each class. - TN ; L

The number‘of occurrences (frequency) is plotted on' the Y
axis and'the data groups, or classes; are plotted on‘the X
axis. To evaluate a histogram, we need to know the central
tendency of the data, which shows how well the histogram is
centered,

Checksheet of Holghu of Our éﬁibleym for Hlstogrmil

Employee o';m) Employee M) Enployse
Fv 6 ‘GH- . 69 G 8
BH 63 H o n ©MS ‘T2
w 66 BK 3 KH ‘75
BB 3 cz 62 16 76
cT 60 B8s - 70 cs ‘69
MM 67 6L 6 LR 7
GB 68 $S 72 ‘0 72
MF 70 OF 63 J 70
R 6 RK 78 JF 7%
DR 61 - B0 . 74. | BH 73
MS 6 | x 70 KP 65
MC - 76 CR e JB 6

i 22

Reprinted with permission for the U.S. General Accounting Office ‘
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© 1991, QUALTEC, INC. QTM 1/15/91

The three measures of central tendency are:

" Number of Employees

Mean (average) — the sum of all the measured, or v
counted, data divided by the total number of data points;
for example, all the data points added together equal -
2,462 divided by 36 = 68 44 mches ‘

Mode — the value repeated most often in: the raw’ data
In this exampleit is 70'inchies. If the data is presented
as grouped frequency like a histogram, we talk about -
modal class instead of the mode. - Modal class is the-
class'interval with the highest frequency.. I this
example, the modal.class is 68.5 - 71 5.

Median — the middle of all the measured or counted
data points (if-an even number of data points, the *
median will be a fraction); for exampl_e, in our data of 36
measurements, the median value is the average of the -
middle values (69 + 70 = 139 divided by 2 = 69.5

mches)
10 : Average
' 644" 9 |
8 o
|
8 N
(395') 4
| _4
4 1
3 :
1 A
Tondtncy .
2 | ;
Twc: ]

695 625 €5 65 75 M5 TS
Height (Inches) nex

Reprinted with permission for the U.S, Gieneral Accounting Office
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Why is a Histogram Useful?

1.

It is not always easy to review a pég"e- of measured data and _
be able to recognize patterns or analyze what the data is
trying to tell-us. A histogram can.provide information on the

-degree of variation of the data as well-as indicate what
distribution pattern we are working with.. Drawing:a.curve

around the heights of the bars of a histogram gives you the
general shape. -

Dispersion of the data can produce a wnde vanety of histo-
gram shapes dependlng on the process or subject on which

" you have collected data, Some of the more’ common shapes

© 1991, QUALTEC, INC. QTM 1/15/1

are shown on the foIIowmg page.
a. Normal Type (Example A)

: Normal (or symmetnc") type is the: most commonty

_occurring histogram that we will usé. Most values fall-
toward the center of the distribution (central tendency)

" with the variation balanced on both sides of the center
(hence, giving a “bell-shaped” curve). As we begin
applying other QC tools, such as Control Charts, we will

.focus on using normal distributions. The mode, medlan,
and mean are the same. . _

b. Preclpleed Type (Example B)

Most of the values appear on the extreme Ieft in -
Example B. This type of dnstnbutlon could occur where:
there'is a-natural barrier or-in cases where the data has
-been sorted (products which do not meet a particular '

- specification limit are removed from the data set; or the
failure rate of components).

c. Skewed Type (Example C)

A skewed type has a long tail on one side. There is
more variation on one side than on the other, indicating

Reprinted with permission for the U.S. General Accounting Office
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a shift of some variable during the prpgeés. =
d.. Bl-ModaI Type (Example D)

In abi-modal (or twm-peaked) type two peaks (two
modes) appear ~This.usually occurs when two different
data groups are ‘mixed:(&:population of veryshoit péople
is'added toa populatlon of extremely tall peoplé): ln

- ogffect; we have two histograms ‘pushed together:-

Center ~ Center -

“ Exagh‘pl‘e;xi\:, Normal

Example C: Skewed -+~ - . Example D: Bi-Modal
T . w.- ‘ . - S . ‘,"k: ”‘ e i M’z“

© 1991, QUALTEC, INC. am™ 1501 Reprinted with permission for the U.S. General Accounting Office
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How is a I-lllstogf‘rqlm‘t COnsti"m':t‘:ed?‘ et

sep soumou  EXAMPLE ... |
Start with an unorganized set of |
gt least 30 data points.

38

AddBe

lagsgsglygnzee

L

-t
2,
g

8339
1833839

sNgd

g«q

o
- ]

- el PR

3282

I

Each number-is a data point. |- N |
Count the number of data points R R

Therange(ﬁ)olthesetistm S FEREET RN RN e T a
“ smallest (minimum) data: pomt JR=MAX-MN] - N.=76-60.. |-
subtracted from the largest . : - Gy

(maxlmum) data pomt.

The class (K) is used to calculate L "
the number of bars. Class equald  K=vN | ~K=V36

ﬂ\asquarerootofN Ruleof N ) K=6 . .
thumb 6-12.. ; B B SRR

The class width (H) isusedto | PCVIE NI o
calculate the width of the bars. | gy | H=168 . |
it is calculated by dividing the = 5
range by the class. (Round-up H) =3 i

To begin constructing the

histogram, establish the starting [Measurement

—

point for the first class. This is Unit (M) L4
calculated by subtracting from Mm :'“1,2 60-12=60.5 ‘
the minimum data point the }
measurement unit divided by 2,

TWe7-18
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STEP gquation |~ ' ExampLe
Now that the first class " ClassLimits | Telly | Freq.
limit Is establishied,” T ———i—— —
"'oonstructafrequency kR
- tabl@. ’ X 1 | T
f"ForCqumn1 awdel | 565+3 -
your stting pointthe | %9+ . Class Width is
@class Wldih (H) f‘“ 4 : 5§9.5-625

B 625 - 65.5, efc.
.-COIumnz go back o quu l.__!mlt‘l
your ongma! set of data B - il
points. Tally thos o5 825 1
fall within each ¢lass - - 62.5-65.5
limit"Add each.itemin- * - . 65.5-68.5
Colurmn’2;and enter.the - * - .
Malfrequency in " 85-75
Coumn 3. . eoloo v TR a8 1R

. ,7,4.5.-.,7‘7‘.5\

R ‘ . ‘—‘-"m-na b. ]
To construct a graph draw honzontal and vertlcal axes. The -
horizontal (X—axis) shows classuntervals the vertical (Y—axus)

shows frequencies. Draw a bar to represent the frequency of
datai in each class The bars should be touchlng

When Is aJHIstegram- Used? .
A histogram is especially useful in the Current Situation step of - °

the QI Story.when we want an accurate plcture of the dlspersmn
or spread of the data. .

© 1991, QUALTEC, INC. QTM 1/15/91 Reprinted with permission for the U8, General Accounting Office
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Scatter Dlagram I

What s a Scatter Dlagram?

" A Scatter Dlagram IS a visual tool for showing the relationshlp
between two variables (for example, speed and gas
consumption, or hours worked and production output).

I Example 1 I

10 =
§ ) - =31 o
- Y . o O
£ - .o
a o
8 : o .o L
g : 5= : .00 OUICO Phetensy
3 - e o°© By.mveoser
E ‘ ; . ® . . N emvoore ‘ ‘
g 1 .° -, Postive (Direct) Correlation:
- “ When X increases, Y increases.
1 T 4 ] C
1 5 X 10
ﬁ . . 335
Inhaled Smoke (cc)

Why Is a Scatter Diagram Useful?

It shows clearly if there is a relatlonshlp, or correlatton, between

the two variables:

* Positive correlation — as X increases, so does Y,

* Negative correlation — as X increases, Y decreases.

* No correlation — one quantlty has no partlcular relatlon to

the other.

© 1991, QUALTEC, INC.” QTM 1/1591
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Y et
. nad2 Noglﬂve(lnvem)t:omllﬂon:
20 = .t When X increases, Y decreases.
- [ ] L .
§. ." > SOUrCodeser
E = E e ot o - By.smposere o
= 10 = T ner
o oe ° v
: ‘,‘o ° ..
< «®
{- SR
T 1 1 X
1 ‘ 5 10 '
Alr Filitering (cc)
- | Example 3
Y n=72
3 .. . No Correlation:
s - o % Thera is no immediate evndaneemat
e _ i .0 o, 0 Y is directly affected by a change in X,
. P 4 e
'§ é - L] o ¢ ¢ ..‘.
> ¢ 60 o o * o .
: 5 LI ... A4
= e e
[-} L .' ° ® ‘. .j .
A R
1 T X
1 20 40
Size of T.V. Picture Tube - ' - '
(inches) T ‘n-uz‘_

How Is a Scatter Diagram Constructed?

1. Collect at least 30 sets of paired data. |

2. Findthe lowest and highest values for X and Y. Determine
the scales of the axes so that they are more or less equal in
~ length, but try to have no more than 10 gradations. (Rule of
thumb: between 3 and 10 gradations).

© 1991, QUALTEC, INC. QTM 1/15/91 Reprinted with permission for the U.S. General Accounting Office
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3. Arrange the axes so that the suspected-driving factor
(independent variable) is on the X axis and the one
Jinfluenced by it (dependent variable).is on the Y axis.- In -
example 1, showing the relationship between inhaled smoke
and reduced lung capacity, “Inhaled Smoke would go on the
X axis and “Reduced Lung Capaclty" on‘the Y axis, ‘'since
' mhallng smoke causes the effect of red V;clng Iung capaclty

In example 2, the mcrdence of air toxrns is. decreased as the
amount of air ﬁltenng increases. Air filtering causes a
reductlon m the amount of toxms so it goes on the X axrs

‘ Example 3 |Ilustrates how the size. of aTV. plcture tube (X
axis) may cause changein the life of a T.V. picture tube (Y .
aX|s) The dragram shows no correlatlon

4. Plot the data on the chart pomt by. pomt be sure to make the :
chart complete with the titles, dates, places, etc. . .. :

5. A cofrélation anatysrs of the data can be made. The "
correlation measure or coefficient is called r";“r".can have . .
values from -1.0 to-+ 1.0. The closer “r" is to +1.0, the -
strongerthe positive correlation.” The formula and guidance
to calculate this correlation can be obtained from a statrstlcal
specialist.

When is It Used?

The scatter diagram is probably most useful in the Analysis step
for further examination of the elements isolated in cause and
effect analysis; for example, it may verify a cause identified by
the Ishikawa (Fishbone) Diagram. Care needs to be taken in
plotting a scatter diagram to assure that a valid relationship is
showing.

© 1991, QUALTEC, th. QM 11 5/9t Reprinted with permission for the U.S. General Accourrﬁng Office
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Control Charts' An lntroduction

What are COntroI Charts?

Control Charts are Line Graphs specrfrcally used to track the
trend or performance of an ongoing process, ,Thrs is -
accomplrshed by observmg how the vanabrlrty wrthrn the process
causes the trend line to fluctuate within a pair of statrstrcally
calculated lrmrts Control ‘Charts:illustrate: process varrabrlrty

All natural processes are sublect to varratron Even rdentrcal
twins are often slightly: different in herght werght and looks. But

how miuch variation is'acceptable and what kinds of varratron are _

controllable and; therefore, rmprovable?

‘When the ﬂuctuatrons within the process occur iha non-random

pattern or. go outside a control limit, the process:is statrstrcally
out of control.. If action'is not taken, the process stability is -
uncertain. This lndlcates opportunltles for lmprovemerrt

Control limits are statrstrcally derived from samples of a stable
process.: They are not to be confused with specification-limits,
which are'determined by the Customer’s Valid Requirements. -

Reprinted with permission for the U.S. General Accounting Ofﬁce .
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Types of

Control Charts can be classified into two main application groups
depending onthe type of data generated from the process. .
Belowis a chait summarizing the types of Control Charts that
will be dlscussed on the followmg pages :

Types of

Data

ez

© 1991, QUALTEC, INC.. QTM 1/16/91

X, R Chart
Charts for '
Variables | :
_Data__|. - XRs
—— “1 Range Chart
p Chart ‘
| Tybes‘df np Chart
“Charts for'
_Data " ¢Chart
u Chart

Reprinted with permission for the U.S. General Accountiﬁg Office.
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X (x--bar) R Chart

H o Exampie:

X,R, Chart:

'Thls IS a two—part control chart used
'uto monltor processes wrth variables
“data. The number of iterns observed

at each instance (or subgroup size)

- must 'be“'atjjeast'z or at most 10.

Averag me it takes to drive to work
per day. Consider a work week of 5
days as a subgroup. * A

The X chart tracks how the process-
average varies from one point to
another.’ In the example, this will be

_how the average drive time varies

from' week’ to week. The R (or
Range) chart tracks the variation that
occurs within each subgroup (the
time difference between each daily.
drive to work).

This two-part chart is used to monitor
processes with variables data. Itis
similar to the X, R chart, but the
number of items observed at each
instance is equal to 1. In other
words, the X,R, chart tracks how

- each process data point varies from

another.

Reprinted with permission for the U.S. General Accounting Office
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Attribute Control Charts

e . pChart:
Example:
¢ np Chart:
Example:
e ¢Chart:
Example:

*u Chan:

© 1991, QUALTEC, INC. QTM 1/15/91

This is only-a one-part control chart

- used to chart the process which

generates attribute data. Itis
applicable to problems which deal
with the percentage that: do. not -

- conform to specifications. - -

Percentage of jObS reworked per
month.’ ' -

This is a spemal type of p chart

. where the number of nonconfor- .

mances is tracked from a fixed
sample size at each observation
point.
Nurber of rejects found in a'lot.
inspection with equal sample size at

“each inspection. - ,
" This chart tracks the number of

nonconformances per unit.

Number of customers who pay bills
by the 5th of each month.

With the ¢ chart, it is assumed that

 the probability of an occurrence (for

example, an accrdent) is the same
for each observation. But if we are
considering the monthly number of
outages per unit for a plant, the
number of contnbutlng units changes
from month-to-month As such, ‘the
probablhty of an occurrence is not
the same each time.

The control chart used in this
instance, where the opportunity for -
an occurrence is not the same, |s
called the u chart.

Reprinted with permission for the U.S. General Accounting Office
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Why are Control Charts Useful?

Control-Charts are heIpfuI tools to monitor the performance: of an
ongoing process in determining the following:

1.

3.

4.

if the process isin control,.or if action needs to be taken to
keep the process in control; or if action needs to be taken to
bring it back to control.

If th_e process is ‘meekt.ing"'thé Customer's Valid Require-
ments. _

If an opportunity for process or system improvement exists. |

If any countermeasures have improved the process.

What Do Control Charts Look lee?

In general, Control Charts are Ilne graphs in which the process is
shown as a trend line drawn ona chart along with these three
lines:

1.

© 1991, QUALTEG, INC. QTM 1/15/91

- A'mean, or central lme, represents the average value of the

process.

An upper control limit (UCL) drawn at a calculated distance
above the central line which represents the maximum
variation that could be expected if only normal/common
causes of variation are present.

A lower control limit (LCL) drawn 'at a calculated distance

below the central line which represents the minimum
variation which could be expected if only normal/common
causes of variation are present.

Reprinted with permission for the U.S, General Accounting Office
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Below is an example of what'a control chart r_néy look like‘:.

Y Axis .
ucCL

X Axis L nem

The X axis traékéiime ofF sequential order, and 'trie.f_Y;.axis charts
the factor being studied. The average of the process is indicated
and control limits are added above and below the average.

o

© 1991, QUALTEC, INC. QTM 1/15/91 Reprinited with permission for the U.S. General Accounting Otfice
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How Do We Interpret Control Charts ?

ee e R cmmememe==: UL  Pointoutside of the limit:
‘ Control limits are calculated to

1. - CL measure the natural variabillty of &
V . ' o process. Any point on or outside the
S T o N limit Is considered abnormal and
- requires investigation,
ucL Run: . T
. : ..o - +A%un" of.seven polms on one nlde of
2, cL the center line is considered abnormal.
Also considered abnormal; 10 out of 11,
LeL 12 of 14 , or 18 of 20 points on one side
vt of the canter line.
3 ...+ 'Trending:
* cL Seven points ina continuous up«ard or
.. - downward" dlredlon .‘
Ler - - '
R Approachlng the' center Tine.
vt (hugging):
4, cL When most points fie within the center line
: and 1,5 *sigma (o) it is not a controlled
state and usually means the mixing of data
LcL from different populations. makes
the control limits too wide and stratification
of data is usually necessary.
ucL
5 Cycling (periodicity):
* cL Any repeated up and down trend is
: and requires investigati
LcL

*Sigma (9 is also commonly referred to as
Standard Deviation
TL4-27
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Aetlon Plan

A technique that catalogs everything that must be done to :

ensure a smooth and objective trial of a solution or
improvement.

" Awareness

Ralsmg consciousness of the Quallty Concepts

~ Bar Chart

A graphic fepresentatlon which compares items in bars of
uniform width whose length is proportionate to the quantity
being represented. (Ref: Unlt 7, page 9)

g Bralnstormlng :
: A technique de5|gned to encourage creatlve thinking; used '

to generate ideas quickly.

; Cheekllst

A list of nems or steps

-:'}Checksheets

One of the seven QC tools. A form on which data is

collected systematically and recorded in a uniform manner,

e.g., a calendar. (Ref: Unit 4, page 9)

“Control Chart

~ One of the seven QC tools, the Control Chart is a special

type of trend line to track performance and indicate whether

an ongoing process is wnthln limits or control. (Ref: Unit 7,
page 20)

| FCountermeasures Matrix

A matrix of factors to help show the relationship between

effect, root causes, and countermeasures. It also helps the

team to evaluate which countermeasures should be
implemented.
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Data

Cross- Functlonal Team

Brmgs together members from more than one functlonal
group to work:on improvement opportunmes that cut cross
functional lines. (Ref: Unit 2, page 14) -

Customer Next Process

. Process used to identify. our:customer’s wants and reason-
able expectations. A phrase which sums up the customer
satisfaction orientation necessary to quality both for external
and internal customers. (Ftef Unit 1, page 6): - SRR

Any facts the team may. be able to get.tter;_ can be.in the form
of numbers, words or pictures.:(Ref: Unit:1, page 12) .

Data Gathering Tools

Techmques used to collect useful data."

Estlmatlng Cost of Problems .

Technique used to determlne the doll‘a"r"imp;aq of proble“'ms.

Facliltator .
A'trained coach; coordinator, promoter, communicator; and
teacher of the QI Process. (Ref: Unit 2, page 11) "
Fishbone

A dragram used to relate cause and effect to help determme

possible root causes; sometimes called /shikawa diagram
after its inventor. (Ftef Unit 6, page 3)

Force Field Analysis

'Elements resisting change (forces against). Elements
pushing for change (forces for). Force Field Analysis is
sometimes referred to as “Barriers and Aids."

Functional! Team ,

Includes members from a single work reporting area. (Ref:
Unit 2, page 14)

e
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Histogram o
" A visual display of the information presented in a frequency
distribution ‘A series of rectangles-or bars proportlonate in

- height to frequency of a particular class. Rectangles are of
equal width. (Ref: ‘Unit7, page:11) -~ =

Iinterviewing

“Technique used to obtam useful problem related data from
others A

lshlkawa (Flshbone) Dlagram

A way to visually isolate an effect and to diagram possible -
related causes; can be used to rdentlfy the potential root

- causes of problems This diagram was developed by Dr
Kaoru Ishikawa. (Ref: Unit 6;:;page'3)" - ;

Management Presentation

An opportunity for the team to describe their use:of the QI

process to their managers and to solicit management ‘
approval for implementation of the team’s‘solution. The QI
Story (a storyboard concept) is.the standard method used to
demonstrate use of the QI process.

Multivoting
Method of voting to help reduce a large number of itemsto a
manageable few.

P-D-C-A
_Plan-Do- Check-Act Cycle of contmuous |mprovements (Ref
Umt 2, page 7) ‘ ‘ .
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Pareto Analysls = »
A way of organizing data to show what major factor(s) make

up the subject being analyzed. Itis a search forlsigniﬁcence._,

Pareto Chart : TR
Type- of bar chart diagram to indicate what major factors
affect the subject being analyzed. (Ref: Unit 5, page 3) '

Problem e . e

An undesired condmon a devnatlon from vahd requurements :

Problem-Solving Process ' v :
A systematic approach to problem-solvmg whlch uses seven
specific steps. (Ref: Unit 3, page 3)

Problem Statement

' Describes i in specmc terms what is wrong or an undesuable
situation. (Ref: Unit 5, page 9)

QcC
Quality Control, the use of technical tools to analyze “da"ta.
Quality In Dally Work o
Every employee’s improvement of normal operations and
systematic problem prevention in daily work. (Ref:" Unit 1,
page 3)
Ql R
Quality Improvement.
Quality -

Conformance to valid reqwrements or conformance to
customer needs.

Quality Improvement Teams
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Unit Quality Council, Cross—functional Team, Functional
Team, Task Team. (Ref: Unit 2, page 15) .

Quality Indicator
Measurement of the degree and/or frequency of confor-
mance to.valid reqwrements (Flef‘ Unit 1, page 15)
Recognition '
Personal satlsfactlon and external pralse
Root Cause l . ‘ " _
- The major stimulus behmd the undesnred condmon (Ref
" Unit 6, page 3)" i SRR S
Scatter Dlagram :
A visual technique for mvestlgahng the possublluty of a causal
" relationship between two varnableg (Ref:* Unit 7, page 17)
Stratification
The breaking down of data into smaller related sub—
grouplngs B
Sub-problem B .
A condmon that relates to a problem '
Symptom o
A condition where evidence of a problem is manifested.
Tom . _ -
Total Quality Management, another term for Qualrty
Improvement. - , . ; L
Task Team |
Members from one or more functional areas formed to solve
a specific problem. Members are assigned because of
background and experience. (Ref. Unit 2, page 14)
© 1991, QUALTEC, INC. QTM 1/15/01 , Reprinted with permission for the U.S.-General Accountihg Office
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‘“Team Leader

Guides the team through the problem-solving process. (Ref
Unit 2, page 10) ‘

Team Member
Active participant on a team to solve problems and effect

(Ref: Unit 2, page 9)
Tracking

" A process to observe or monitor the steps or pheses ofan
action plan to determine if desired results are obtained.

Theme Selection Matrlx

A technique which helps the team to selecl a theme on
which to begin gathering data.: The matrix allows the team to
rank its themes considering the impact on the customer and
the need to improve. (Ref: Unit 4, page 7)

Trlal implementation

A first implementation of a countermeasure to check for
success.

Unit Quallty Councll (Lead Team)

Region/Unit Quality Council (Lead Team) — team functions as
a steering committee comprised of senior management.
Issue Area Quality Council — performs same role as Unit
Quality Council but on issue are level. (Ref: Unit 2, page 14)
Valld Requirements _ .
Specifications or standards which define the customer's
expectations of a product or service. (Ref: Unit 1, page 8)

©® 1991, QUALTEC, INC. QTM 1/15/91 Reprinted with permission for the U.S. General Accounting Office
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